The present study investigated the effects of levodopa, a precursor of dopamine (DA concentrations. The effects of levodopa on catecholamine transporters in the opposite direction suggest a different mechanism at the intra-and extracellular sites in a levodopa transport-dependent and independent manner.
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Introduction
Levodopa (L-DOPA), a precursor of dopamine (DA), is used for the treatment of Parkinson's disease (PD) in order to compensate for the decreased dopaminergic function (Horykiewicz and Kish, 1987; Steiger and Quinn 1995) . In early or middle stages of PD, remaining DA neurons require newly synthesized DA to support the altered dopaminergic activity. The DA from levodopa should be stored in synaptic vesicles for subsequent release, resulting in the activation of dopaminergic synaptic transmission. Therefore, it is vital to explore the relation between DA and levodopa transport in the remaining DA neurons.
Levodopa is transported by amino acid transport systems, such as the L-system (Wade and Katzman, 1975; Anclus and Borchardt, 1986) , and DA is transported by DAT (Iversen, 1971) . Levodopa is not a transportable substrate for DAT, but transport of levodopa and DA through various transporters may affect each other within the cell in a direct or indirect manner. To answer this question, the present study explored the relationship between levodopa and DA transport in various cell systems expressing the monoamine neurotransmitter transporters.
Methods and Materials
Cell culture
Cell lines used were COS-7 (monkey kidney cells), SK-N-SH (human neuroblastoma cells), and PC12 (rat adrenal pheochromocytoma cells). All cells were cultured at 37 °C under 5 % CO 2 / 95 % air. Culture medium was composed of Dulbecco's modified Eagle's medium (DMEM) supplemented with 10 % fetal calf serum (FCS), 100 unit/ml penicillin G, 100 µg/ml streptomycin and 0.25 µg/ml fungisone for COS-7 cells, minimal essential medium-alpha (αMEM) supplemented with 10 % fetal calf serum, 100 unit/ml penicillin G, 100 µg/ml streptomycin and 0.25 µg/ml fungisone for SK-N-SH cells, DMEM supplemented with 5 % FCS, 10 % horse serum, 100 unit/ml penicillin G, 100 µg/ml streptomycin and 0.25 µg/ml fungisone for PC12 cells.
Cell transfection
COS-7 cells at subconfluence were harvested and transfected with cDNA by electroporation (Shimada et al., 1991; Kitayama et al., 1992; Sato et al., 2000) . Parallel transfection with pcDNA3 vector alone was performed every time for the negative control. After electroporation, cells were diluted in the culture medium, plated in 24-or 48-well culture plates and cultured for 2-3 days.
Uptake assay
Cells were washed three times with oxygenated Krebs Ringer HEPES-buffered solution (KRH; 125 mM NaCl, 5.2 mM KCl, 1.2 mM CaCl 2 , 1.4 mM MgSO 4 , 1.2 mM KH 2 PO 4 , 5 mM glucose, 20 mM HEPES, pH 7.3 0.1) and incubated for 10 min at 37 °C with [ 3 H]DA or other radiolabeled ligands, as described previously (Kitayama et al., 1992; Sato et al., 2000) . After removal of excess radioligands by aspiration, the cells were washed three times rapidly with ice-cold KRH and any radioactivity remaining in the cells was extracted with NaOH and measured by liquid scintillation spectrometry.
Nonspecific uptake was determined in the cells transfected with empty plasmid vector (mock) and also in each plate in the presense of 100 µM cocaine. For kinetic analysis, cells were incubated in KRH containing 10 nM [ 3 H]DA and 0.1-100 µM cold DA. Data analyzed by Eadie-Hofstee plot using k . cat (BioMetallics).
Statistical analyses were performed using analysis of variance (ANOVA) with pairwise comparison by Bonferroni method (Wallenstein et al., 1980) . 
Materials
Results
Effects of levodopa on dopamine uptake in COS-7 cells heterologously expressing monoamine transporter
Initial examination of the effects of levodopa on DA transport was performed for (Fig. 1) . The effect of levodopa was concentration-dependent ( Fig. 2) and reversible (data not shown). Pretreatment with levodopa did not alter the facilitatory effect of levodopa (data not shown). Fig. 3 shows the kinetic analysis of the effect of levodopa on [ 3 H]DA uptake. Levodopa increased Vmax value without affecting apparent affinity for DA (Km). 
Characterization of the effects of levodopa on dopamine transport in COS-7 cells
To assess whether the effect of levodopa is specific for DAT, we examined the effect of levodopa on the transport of other monoamines in COS-7 cells heterologously expressing rat NE transporter (NET) or 5HT transporter (SERT (Fig. 7) . OR486, an inhibitor of catechol-O-methyltransferase (COMT) (Nissinen et al., 1988) , did not alter the effect of levodopa on [ 3 H]DA uptake (data not shown).
Effects of levodopa on dopamine uptake in SK-N-SH and PC12 cells
Since the effect of levodopa was specific for catecholamine transporters, we further investigated the effect of levodopa in two cell lines which endogenously express human or rat NET. SK-N-SH cells derived from human neuroblastoma and PC12 cells derived from rat pheochromocytoma both reveal a significant uptake of These results suggest that levodopa may enter the cell to exert its inhibitory action on [ 3 H]DA uptake in these cell lines.
[ 3 H]levodopa transport in SK-N-SH cells
To evaluate the possibility mentioned above, we examined the uptake of 
Discussion
The present study demonstrated that levodopa enhanced uptake of Trendelenburg, 1991) . Blockade of vesicular storage has been found to alter the kinetics of DA transport by synaptosomes (Parish and Shenk, 1996) . We also found These results suggest the probability of different mechanism at the intra-and extracellular sites in a levodopa transport-dependent and -independent manner. 
